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&RPSOHWH GHWDFKPHQW RI SODVPDV ZLWK WKH HOHFWURQ
,QWHUQDO 7UDQVSRUW %DUULHU H,7% KDV EHHQ DFKLHYHG IRU
WKH ILUVW WLPH LQ /+' LQ WKH WK FDPSDLJQ H[SHULPHQW
&RPSOHWH GHWDFKPHQW LV RQH RI WKH SRVVLEOH VFHQDULRV WR
PLWLJDWH WKH KLJK KHDW ORDG RQ WKH GLYHUWRU WLOHV LQ IXWXUH
IXVLRQ UHDFWRUV ,W WDNHV SODFH ZKHQ WKH HGJH GHQVLW\
H[FHHGV WKH 6XGR GHQVLW\ OLPLW DQG WKH KRW SODVPD
ERXQGDU\ VKULQNV >@ 7KH HQHUJ\ FRQILQHPHQW RIWHQ
EHFRPHV GHWHULRUDWHG KRZHYHU GXULQJ FRPSOHWH
GHWDFKPHQW 7KLV RFFXUV SUHVXPDEO\ GXH WR WKH VKDOORZ
SHQHWUDWLRQ RI WKH QHXWUDO EHDPV 1% ZKLFK LV PDLQO\
XVHG LQ WKH H[SHULPHQWV ,Q /+' WKH KHDW GHSRVLWLRQ
SURILOH VWURQJO\ DIIHFWV WKH HQHUJ\ FRQILQHPHQW >@
7KHUHIRUH LW LV H[SHFWHG WKDW JRRG FRQILQHPHQW ZLOO EH
PDLQWDLQHG LI FHQWUDO KHDWLQJ LV DSSOLHG GXULQJ FRPSOHWH
GHWDFKPHQW 7KLV KDV EHHQ UHDOL]HG XVLQJ WKH HOHFWURQ
F\FORWURQKHDWLQJ(&+ 
7RDFKLHYHFRPSOHWHGHWDFKPHQWDW WKHGHQVLW\ZHOO
EHORZ WKH(&+FXWRIIGHQVLW\ WKHKHDWLQJSRZHURI(&+
ZDV UHGXFHG IURP a0: WR a0: LQ WKH GLVFKDUJH
VKRZQ LQ )LJ  7KHQ IURP a WR a V WKH KRW SODVPD
ERXQGDU\aH9PHDVXUHGE\WKHUDGLDOSRVLWLRQZKHUHWKH
WHPSHUDWXUHLVaH9VKULQNVWRaZKLFKLVFRQVLGHUHG
WR EH QHDU WKH ODVWFORVHGIOX[VXUIDFH )LJ H DQG WKH
GLYHUWRUSDUWLFOHIOX[PHDVXUHGE\WKHLRQVDWXUDWLRQFXUUHQW
IVDWGHFUHDVHVDWDOORI WKHGLYHUWRU WLOHV )LJI7KLV LV
WKHFRPSOHWHGHWDFKPHQW$VORQJDV WKHSODVPDERXQGDU\
LV IL[HG IVDW LVSURSRUWLRQDO WR WKHHGJHGHQVLW\nHBH9DW
aH9 >@ )URP WKLV SRLQW RI YLHZ IVDW LV UHGXFHG WR OHVV
WKDQ  RI WKH H[SHFWHG YDOXH RI nHBH9 LQ )LJ I
GXULQJaWRaV 
7KHHOHFWURQWHPSHUDWXUHSURILOHZDVVWURQJO\SHDNHG
DW WKH FHQWHU VKRZLQJ WKH H[LVWHQFH RI H,7% GXULQJ
FRPSOHWHGHWDFKPHQWDVVKRZQ LQ)LJ)RUPDWLRQRIH
,7%LV WKHFOHDUHYLGHQFHRIFHQWUDOKHDWLQJE\(&+$VD
UHVXOW WKH HQHUJ\ FRQILQHPHQW ZDV QRW GHWHULRUDWHG DQG
NHSWaWLPHVWKH,66SUHGLFWLRQHYHQGXULQJFRPSOHWH
GHWDFKPHQWVHH)LJD7KLVLVZKDWH[SHFWHG

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-0L\D]DZDHWDO1XFO)XVLRQ
-0L\D]DZDHWDO1XFO)XVLRQ
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)LJ:DYHIRUPVLQDFRPSOHWHGHWDFKPHQWGLVFKDUJH
ZKHUHDWKHNLQHWLFHQHUJ\FRQILQHPHQWWLPHτ(NLQDQG
WKH SUHGLFWLRQ RI ,66 τ(,66 E WKH WRWDO KHDWLQJ
SRZHUPWRW DQG WKH UDGLDWLRQ ORVVPUDG F WKH FHQWUDO
HOHFWURQGHQVLW\nH WKH6XGRGHQVLW\ OLPLWnF6XGR WKH
HGJHHOHFWURQGHQVLWLHVRInHDDWaDQGnHBH9DWaH9
G WKH FHQWUDO HOHFWURQ WHPSHUDWXUH TH WKH FHQWUDO
HOHFWURQ WHPSHUDWXUHH[WUDSRODWHG IURP WKH WHPSHUDWXUH
SURILOH RXWVLGH RI rHIIa !  THBZRH,7% WKH HGJH
HOHFWURQWHPSHUDWXUHVRITHDDWaDQGTHBH9DWaH9
H WKH HIIHFWLYH PLQRU UDGLXV GHILQHG E\ WKH SRVLWLRQ
LQVLGH ZKLFK   RI WKH SODVPD NLQHWLF HQHUJ\ LV
FRQILQHGa DQG WKH DYHUDJHG UDGLDO SRVLWLRQ RITH a
 H9 aH9 DQG I WKH DYHUDJHG LRQ VDWXUDWLRQ
FXUUHQW PHDVXUHG RQ WKH GLYHUWRU WLOHV DW YDULRXV
WRURLGDOSRORLGDO SRVLWLRQV IVDW DQG  nHBH9 DUH
VKRZQIURPWRSWRERWWRP
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Control of heat and particle fluxes on the divertor 
target is an essential issue for success of the fusion reactor. 
One of the effective solutions is employing the “plasma 
detachment,” which uses plasma-gas interactions. In the 
LHD, an n/m = 1/1 resonant magnetic perturbation (RMP) 
field stabilizes the detached plasma condition with a highly-
radiating zone inside the ergodic region1). In the 16th cycle 
campaign, we confirmed that there were toroidal 
asymmetries of mean and fluctuation characteristics of the 
divertor flux during the detachment with the RMP field. 
Propagation of ion saturation current (Isat) spikes across the 
magnetic field was observed on several divertor tiles with 
Langmuir probe arrays. This phenomenon would be caused 
by the convective plasma transport in the upstream region of 
the divertor tiles, which would contribute to a portion of the 
decrease of the divertor flux flowing into the strike point.  
In the 17th experimental campaign, we applied high-
temporal-resolution A/D convertors (1 MHz) to Isat signals 
on 6R and 8L tiles (see Fig. 1(a)), where particularly 
characteristic fluctuations had been observed. On each tile, 
20 probe electrodes were aligned every 6 mm across the 
strike point. During the discharge, applied field strength of 
the RMP which enhanced a magnetic island O-point at the 
outboard side in the #6 section was constant. Figures 1(b) 
and (c) show contour plots of Isat measured on the 6R and 
8L tiles. Before t ~ 4.9 s, Isat at the strike points on the 6R 
and 8L tiles increased because the core plasma density 
increased; then, Isat decreased due to the detachment. In 
addition, it can be found that positive spikes of Isat appeared 
at the private and SOL sides from the strike point on 6R and 
8L tiles, respectively. Figures 1(d) and (e) show magnified 
views of Fig. 1(b) and (c) in the detached phase, 
respectively. It is noted that spatially localized positive 
spikes distant from the strike point were observed on the 8L 
tile, unlike 6R tile.  
To investigate the propagation direction on each tile, 
we applied the cross-correlation analysis technique. Figure 
1(f) shows cross-correlation coefficients of neighboring 
probes. Correlation coefficient between ch 6 and 5 on the 
6R tile, C6,5(6R) , has a local maximal value with large 
amplitude at  ~ +70 s, indicating that the fluctuation 
propagated toward the private side with averaged time delay 
of ~70 s. On the other hand, C14,15(8L) has a positive peak at 
a negative  that is close to the sampling interval, which 
implies the fluctuation propagated toward the private side 
with a sufficiently small delay.  
These results would be attributed to a locational 
difference of the cross-field transport from the measured 
position along magnetic field lines. We will clarify the 
positional relationship with the magnetic island structure.  
 
Fig. 1. Positional relationship of the divertor probe 
arrays (6R and 8L). (b) Contour plots of low-passed Isat 
on 6R and (c) 8L divertor tiles. (d)(e) Magnified views 
of Figs. (b)(c). (f) Cross-correlation coefficients.   
 
1) Kobayashi, M. et al.: Nucl. Fusion 53 (2013) 093032.  
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